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ABSTRACT

Random amplified polymorphic DNA (RAPD) fingerprints were
obtained for 4 Parrotfishes (genus Scarus) namely, Scarus collana
Riippell 1835; Scarus frenatus Lacepede 1802; Scarus (Chlorurus)
sordidus Forsskal 1775 and Scarus niger Forsskél 1775 using
RAPD-PCR typing technique. A total of 111 bands (ranging from
200 to 2000 base pair) were produced, 13 monomorphic (common)
and 98 polymorphic (88.29% level of polymorphism). The Scarus
frenatus recorded highest band frequencies among studied species.
Under phenetic approaches "clustering using unweighted pair
group method average (UPGMA) based on Nei-72 genetic
distance, principal coordinate analysis (PCOA), and neighbour
joining (NJ) based on pairwise mean character differences", the
studied scarids formed two groups as sister taxa and most likely to
have the most common ancestor. There is a close genetic
relatedness among group members [Scarus collana/Scarus niger
and Scarus frenatus/Scarus sordidus]. According to parsimony
(Cladistic) analysis, RAPD markers obtained are reliable and
phylogenetically instructive. The four parrotfishes are related, but
S frenatus, S sordidus, and S niger have a close evolutionary
relationships. Splitting of Scarus collana as basal group suggested
a common ancestor having unique features (synapomorphies) be
inherited in the studied parrotfishes. This study’s results possibly
provide useful information about the genetic variation and
phylogenetic relationships among parrotfishes.

INTRODUCTION

Fishes are diverse species within the animal kingdom including about 50% of
recognized vertebrates. Fishes are a major protein dietary sources for world’s
population (FAO 1997 and FAO 2000).

Fishes include more than 32,000 species placed in about 482 families, from
them ~ 13,000 marine fish species exist (Nelson, 1994). Red Sea harbors over 1,000
fish species, mostly associated with coral reefs and display diverse colour patterns
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(juveniles), or noticeably  colour
differences during sexual development
(wrasses, Labridae) (Randall, 1982).
Parrotfishes  (with  beak-like
mouths) are a distinctive group of coral
reef herbivores exhibiting multiplicity in
cranial morphology and function
(Wainwright et al., 2004, Westneat,
1995; Westneat and Alfaro, 2005) and
play important role in enhancing reef
resilience (Bellwood et al., 2003;
Burkepile and Hay, 2008; Cheal et al.,

2010).  Taxonomically, parrotfishes
include about 95 species, formerly
assigned to a family-level taxon

(Scaridae) but recently reclassified as
scarine labrids (subfamily Scarinae,
family Labridae). Nevertheless, others
still prefer to maintain them as a family-
level taxon (Bellwood, 1994; Choat and
Bellwood, 1998; Westneat and Alfaro,
2005; Randall, 2007).

Random amplified polymorphic
DNA (RAPD) involves the use of a
solitary short (arbitrary) primer in a PCR
reaction, resulting in the amplification of
many discrete DNA amplicons (Williams
et al., 1990; Welsh and McClelland,
1990).

Randomly distributed loci inside a
genome can be detected by RAPD which
facilitated the development of a variety
of genetic markers. These RAPD
markers/loci are considered as dominant
genetic markers inherited in a Mendelian
fashion (Rothuizen and Van Wolferen,
1994). RAPD is most used fingerprint
DNA-based method for  species
identification and taxonomy among
organisms. It has been widely applied in

several studies including animals, fishes
and plants (Dinesh et al., 1993; Liu et al .,
1999; Ali et al., 2004; Callejas and
Ochando, 1998; Geertjes et al., 2004;
Wang et al., 2005; Singh et al., 2009;
Sayed, 2012).

The classification, genetic
diversity and the evolutionary history of
parrotfishes remain debatable. There is
a need for more molecular phylogenetic
studies to resolve the taxonomic related
problems of parrotfishes. Therefore,
using molecular tools based-DNA
fingerprints may provide insights into
their evolutionary relationships, genetic
diversity and species richness. The
present work aims to use RAPD-PCR
assay to investigate the genetic variation,
and phylogenetic relationship among
four parrotfishes species (genus scarus):
Scarus collana Riippell 1835; Scarus
frenatus  Lacepede  1802;  Scarus
(Chlorurus) sordidus Forsskéal 1775 and
Scarus niger Forsskal 1775.

MATERIALS AND METHODS
Taxon Sampling :

Parrotfish species (Fig. 1) were
obtained from Hurghada fish market
(Halaka), Red Sea Coast, Egypt in May
2016 (marine water captured economic
fishes). After collection by the author, the
fishes were kept on ice, then brought to
the laboratory. Fish were sorted down to
species level (Bellwood 2001; FishBase
2016). Tissue samples (muscle, fins and
scales) were removed and individually
ethanol preserved at -20°C for genomic
DNA extraction and future analyses.
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Scarus collana

Scarus fernatus

Scarus sordidus

Scarus niger

Fig. 1: Photographs of the four Parrotfishes (genus scarus) species under study
obtained from Hurghada fish market (Halaka), Red Sea Coast, Egypt in May, 2016.
These are Scarus collana Riippell 1835; Scarus frenatus Lacepede 1802; Scarus
(Chlorurus) sordidus Forsskal 1775 and Scarus niger Forsskal 1775.

Fish Genomic DNA Extraction:

Genomic DNA from fish samples
was extracted using approximately 30 mg
of muscle tissue specimens by the EZ-10
spin column genomic DNA extraction kit
for animal tissue (Bio Basic Inc.,
Canada) according to the manufacturer’s
instructions. DNA samples were stored at
—20 °C until used. DNA concentration
and purity were estimated under
spectrophotometric UV absorption at
A260 and A280 and 1% agarose gel.
RAPD PCR Analysis and DNA
Amplification:

RAPD-PCR was performed as
described by Williams et al., (1990) in
reaction volume of 25 pl with final
concentration containing approximately
50 ng genomic DNA of each sample,
1.0x  pre-mixed OnePCRTM 2X
(GeneDireX Inc, USA), and 10 pM each
primer [A-01, A-02, A-03, A-04, A-05,
A-06, A-07, A-08, A-09, A-10, A-11,
and A-12] (Bio Basic Inc, Canda). The
reaction was performed in thermocycler
(PEQLAB Biotechnologie GmbH) under
the following cycling settings consisting

of initial denaturation at 95°C for 2 min,
followed by 45 cycles (94°C for 1 min,
36°C for 1 min and 72°C for 2 min), then
one cycle of final extension at 72°C for
10 min. Amplified products were
separated in 1.5% (w/v) agarose in 1x
TAE buffer (0.40 mM Tris, 0.20 mM
acetate, 2 mM EDTA pH 8). Gels were
photographed with Elttrofor M20 SaS
Photo-Gel System (Italy) with Nikon
Coolpix LB40 digital camera. Size of
DNA bands were determined with 100 bp
DNA ladder (0.1 pg/ul, Solis BioDyne,
Estonia).

Data Analysis:

For RAPD  polymorphism
analysis, amplified DNA bands were
monitored and identified from RAPD
images by the Totallab 1D v12.2
software (TotalLab Ltd.,, Newcastle-
upon-Tyne, UK). DNA fingerprints were
scored for the presence (1) or absence (0)
of similar-sized DNA bands in order to
generate a binary data matrix. For each
primer used in the RAPD assay, the total
number of scored bands, number of
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polymorphic/monomorphic bands were
recorded.
Phenetic Analysis of RAPD data:

For phenetic analysis of RAPD
data, three approaches were used. 1] The
POPGENE program version 1.32 (Yeh et
al., 1999) was used to calculate Nei's
original measures of genetic identity and
genetic distance (Nei, 1972). RAPD data
clustered using the unweighted pair
group method average "UPGMA"
(Sneath and Sokal 1973) based on the
Nei-1972 genetic distance and displayed
with  the  Molecular  Evolutionary
Genetics Analysis (MEGA v6) software
(Tamura et al., 2013). 2] To provide a
dimensional graphical representation for
fish samples under study, the RAPD data
was analysed by the principal coordinate
analysis (Gower, 1966) using the PAST
program (Hammer et al., 2001) based on
the computed Jacquard’s coefficient
(Jaccard 1908). 3] RAPD data binary
matrix of four taxa and 111
characters/bands (absence/presence 0/1)
was subjected to the neighbour joining
clustering (Saitou and Nei 1987) under
distance criterion using PUAP version
4.0a150 (Swofford, 2001) with a distance
measure based on the mean character
differences. The reliability of NJ tree was
validated by bootstrap analysis with 500
replicates as all 111 characters were
included.

Cladistic Analysis of RAPD Data :

The RAPD data in a binary matrix
of four taxa and 111 characters/bands
(absence/presence 0/1) was analysed
under the maximum parsimony criterion
using the PAUP version 4.0al150
software (Swofford, 2001) with heuristic
search options for unordered and equally
weighted characters. Heuristic searches
were performed using random taxon

addition, tree bisection-reconnection
branch swapping (TBR) for most-
parsimonious trees, accelerated

transformation (ACCTRAN) character

optimization, and treated missing gaps.
To measure the degree of support for
each individual branch, bootstrap
analyses (Felsenstein 1985) of 500
replications were performed. Tree
statistics including consistency index
(CI) (Kluge and Farris 1969), homoplasy
index (HI) and retention index (RI)
(Farris 1989) were computed.

RESULTS

Assessing the Genetic Polymorphism:

Twelve 10-mer primers were
screened  for  generating  reliable
fingerprints  patterns and  assessing
polymorphism of the parrotfishes under
study (Table 1). A hundred and eleven
bands were produced with an average of
9.25 bands per primer, from them 13
bands with  11.71%  level of
monomorphism were common among the
studied species. Among the amplicons 98
were polymorphic exhibits level of
polymorphism of 88.29%. The average
number of polymorphic fragments/primer

of 8.17 was calculated based on
NPBands/12 primers.
All primers generated multiple

banding patterns of 6 to 11 polymorphic
amplified DNA bands ranging in size
from 200 to 2000 bp as compared to a
100 bp DNA Ladder (Solis Bio Dyne).
Primers A-04, A-06 and A-11 detected a
maximum number of 11 amplicons each,
while the minimum number of 6
fragments was amplified with primer A-
12. The highest number of polymorphic
bands (11) was obtained with primers A-
04 and A-11, while the lowest ones (4)
was obtained with primer A-12.

The band frequency per species
were 0.4865, 0.5586, 0.5045 and 0.5315
for Scollana, S frenatus, S. sordidus and
S niger respectively while band
frequency per primer ranged from 0.0541
to 0.0991 as shown Fig. 2. The RAPD
genotyping banding profile generated by
all primers are presented in Fig. 3
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Table 1: Characteristic of RAPD primers used. Number of Amplified Bands per
Species (NABands/Species), Band Frequency per primer (Band Freq/Primer), Band
Frequency per Species (Band Freq/ Species), Total number of Amplified Bands
(TNABands), Number of polymorphic bands (NPBands), Number of monomorphic
bands (NMBands) Polymorphism Percentage (POL%), and Range of amplified
fragment in base pair (RAF [bp]).

Primer |—Scduence NABands/Species TNA | BandFreg/| NP | NM |,
- , | Searus | Scarus | Scarus | Scarus : % POL | RAF [bp]
Code | 5———-3 . . Bands | Primer | Bands | Bands
collana | fernatus | sordidus | niger
A0l | CAGGCCCTIC 4 1 3 3 9 0.0811 1 2 T1.78 | 400-2000
A02 | TGCCGAGCTG 3 4 4 ] g 0.0721 6 2 75.00 | 300-1300
A-03 | AGTCAGCCAC 4 g 6 3 10 0.0901 9 | 90.00 | 400-2000
A4 | AATCGGGCTG 3 6 4 4 11 0.0991 11 0 100.00 | 200-1200
A05 | AGGGGICTTIG 3 3 3 4 7 0.0631 6 | §3.71 300-1200
A-06 | GGTCCCTGAC 7 6 3 7 11 0.0991 g 3 7273 | 200-1900
A7 | GAAACGGGIG| ¢4 3 6 3 10 0.0901 9 | 80.00 | 200-1600
A08 | GTGACGTAGG 3 3 3 ] 10 0.0901 9 | 80.00 | 200-1300
A09 | GGGTAACGCC 4 4 4 4 g 0.0721 g 0 100.00 | 400-1300
A-10 | GTGATCGCAG 4 3 4 4 10 0.0901 10 0 100.00 | 200-1200
A1l | CAATCGCCGT 3 4 7 3 11 0.0991 11 0 100.00 | 400-2000
A-12 | TCGGCGATAG 4 3 3 4 6 0.0541 4 2 66.67 | 400-1000
Total 3 62 36 39 111 98 13 §8.29
Band Freq/ Species 04865 | 05386 | 03043 | 03315
* 0.580 1
. 0.660 | 0.559
E_ 0.540 0.532
2 o0.520 |
== 0.505
E 0.800 1 0.486
E 0.480 1
E 0.480 4
0.440
Scarus collana Scarus fernatus  Scarus sordidus Scarus niger
Scientific names for scarus species under study
0.120 -
@ 0.099 0.098 0.099
E 0.100 - 0.090 — = 0.090 0.090 0.090 —
= 0.084
% 0.080 - 0.072 0.072
o 0.063
Z 0.060 0.054
%’- 0.040 -
T 0.020 -
D g.000

A-01 A-02 A-03 A-04 A-05 A-06 A-07 A-08 A-09 A-10 A-11

Primer

Code

A-12

Fig. 2: Band frequencies recorded for the Parrotfishes, Scarus collana, Scarus
frenatus, Scarus.(Chlorurus) sordidus, and Scarus niger (Above) and per the 12 deca-
nucleotide primers (Below).
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A-01

MW SC SF SS SN

A-02

MW SC SF SS SN

A-03

MW SC SF SS SN

A-04

MW SC SF SS SN

A-05
MW SC SF SS SN

A-06
MW SC SF SS SN

A-07

MW SC SF SS SN

A-10
MW SC SF SS SN

A-08
MW SC SF SS SN

A-11

SC SF SS SN

A-09
MW SC SF SS SN

A-12
SF_SS SN

MW SC

Fig. 3: RAPD-PCR fingerprints obtained from four Parrotfishes species generated by
the 12 10-mer primers. MW: Molecular weight (100-3000 base pair), SC: Scarus
collana, SF: Scarus frenatus, SS: Scarus sordidus and SN: Scarus niger
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and Genetic
Phenetic Analysis of

Phylogeny Analyses
Relationships
RAPD Data :

According to the Nei-72 genetic
distance matrix (Table 2), the genetic
distance values ranged from 0.5506 to
0.7777. These results suggest that
genetically closest scarid species are S
collana and S. niger (value of 0.5506 );

Ssordidus and Shiger (value of 0.5824)
followed by Scarus frenatus and Scarus
sordidus (value of 0.6665). While the
most genetically distant scarid species
are Scarus collana and Scarus sordidus
(value of 0.7777) followed by Scarus
collana and Scarus frenatus (value of
0.7392

Table 2: The Nei's original measures of genetic identity and genetic distance (Nei,
1972) computed for RAPD data binary matrix. Nei's genetic identity (above diagonal)

and genetic distance (below diagonal).

Scarus Scarus Scarus Scarus niger
collana frenatus sordidus
Scarus collana - 0.4775 0.4595 0.5766
Scarus frenatus 0.7392 - 0.5135 0.4144
Scarus sordidus 0.7777 0.6665 - 0.5586
Scarus niger 0.5506 0.8809 0.5824 -

The UPGMA clustering based on the
corresponding Nei-72 distance matrix of
genetic produced a tree (Fig. 4) which
clearly distinguished two groups: Scarus
frenatus and Scarus sordidus grouped
into a single cluster as sister group joined

at node N1, while Scarus collana and
Scarus niger grouped into another cluster
joining at node N2 and both groups are
most likely to have a common ancestor
(see N3).

0.275
0.097 T G Scarus cc':h'ana
= 3‘.{?39 0.333 Z:zi ?;f;ms
N2 0.333 .
Scarus sordidus
035 030 025 020 015 010 005 0.00

Fig. 4: Dendrogram illustrating the genetic relationships among the four studied Parrotfishes
species based on estimates of Nei's (1972) genetic distances for RAPD data (Table 2) and
constructed using the UPGMA method of clustering. Branch lengths (1:100) and tree nodes

(N1, N2 and N3) are shown.

To assess the result obtained by the
UPMGA, the PCoA analysis graphically
demonstrated the relationships between
the scarid species under study (Fig. 5)
where the first two principal coordinate
axes accounted for 42.088% (Eigenvalue
0.26596) and 36.834% (Eigenvalue
0.2362) from the total wvariation

respectively. The more similar species
are Scarus collana and Scarus niger
(cluster 1) followed by Scarus frenatus
and Scarus sordidus (cluster 2), while
those less similar species are Scarus
frenatus and Scarus niger, then Scarus
collana and Scarus sordidus as shown by
the minimum spanning tree line.
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carus collana

0.484

0.36

0.24+

0.124

Scarus fernatus

060 OM8 -036 -024 -0.12

Coordinate 2

-0.12
-0.24
-0.36

-0.60-

Coordinate 1

012 024 036 048

Scarus sordidus

Fig. 5: The principal coordinate analysis as a dimensional graphical view illustrating
the relationships among the four Parrotfishes species under study.

The NJ clustering of RAPD data
based on pairwise distances between
studied species (Table 3) produced a tree
(Fig. 6) displaying the degree of
relatedness among the scarid species
under study. As shown in Table 3, the
mean values ranged from 0.42342 to
0.58559 reflecting such relationships.
The mid point rooting of such tree for
most branch lengths resulted in a

concurrent tree similar to the UPMGA
tree (Fig. 4) except for branch lengths
which clearly distinguished the two
clusters (sisters clade) of the studied
scarid species. Additionally, bootstrap
analysis with 500 replications produced a
50% majority rule consensus tree with
branches reaching a bootstrap support of
72% between Scarus frenatus and Scarus
sordidus (Fig. 7).

Table 3: Pairwise distances among the studied scarid species. Below diagonal; the total
character differences. Above diagonal; the mean character differences

Scarus Scarus Scarus Scarus
collana | frenatus | sordidus niger
Scarus collana - 0.52252 0.54054 0.42342
Scarus frenatus 58 - 0.48649 0.58559
Scarus sordidus 60 54 - 0.44144
Scarus niger 47 65 49 -
(A) (B)
Searus collana Ll Scarus collana
. = Searus fernatus 2283 Searus niger
0068
0.068
j2e Searus sordidus 8218 Scarus fernatus
Lol Searus niger 22 Searus sordidus
0.1 changes 0.1 changes

Fig. 6: The neighbour joining tree generated from distance measures based on the
mean character differences computed by PAUP for RAPD markers as all 111
characters are included (A). The mid point rooting for the same tree (B).
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Scarus collana

72

Scarus fernatus

Scarus sordidus

Scarus niger

Fig. 7: The 50% majority rule consensus tree of fish samples used in the neighbour
joining analysis of RAPD markers under a bootstrap analysis with 500 replicates. The
bootstrap value is shown as percentage and branch lengths have no significance.

Cladistic Analyses of RAPD Data:
Parsimony analysis using heuristic
searches revealed 13 constant characters
out of 111 characters, 59 wvariable
parsimony-uninformative characters and
39  variable  parsimony-informative
characters. Upon the completion of the
heuristic search, a parsimonious tree with
119 steps was constructed (Fig. 8)
showing the cladistic relation among the
studied parrotfishes, where Scarus

(A)

Scarus collana

35
Scarus fematus

3 Scarus sordidus

12 .
e SCAIUS NQET

e {() changes

frenatus and Scarus sordidus grouped in
single clade and Scarus niger is related to
them, while Scarus collana was split up
as out-group. When such parsimonious
tree rooted at the midpoint (for most
branch lengths), a concurrent tree similar
to the UPMGA tree (Fig. 4) was
produced except for branch lengths
which clearly showed the two groups
(sisters clade) (also see Fig. 6).

(B)
24
Scarus collana
23 .
Scarus niger
18 N
Scarus fematus
24 .
Scarus sordidus

e {() changes

Fig. 8: The most parsimonious tree with 119 steps produced using heuristic search
with statistic support values of CI=0.8235, RI=0.4615 and HI=0.1765 (A), while the
mid point rooting for the maximum branch length for the same tree is shown in (B).

The bootstrap analysis with 500
replications produced a 50% majority-rule
consensus unrooted tree that shows a
branch of 18 steps appearing in 72% of the

bootstrap replicates (>50% of replicates)
which separates both the Scarus frenatus
and Scarus sordidus genotypes from other
genotypes presented (Fig. 9
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Scarus collana

Scarus fermartus

Scarus sordidus

Scarus niger

Fig. 9: The 50% majority rule consensus tree after bootstrap analysis with 500
replicates of the full heuristic search. Bootstrap values are indicated as percentages

and branch lengths are unweighted

The tree consistency index,
homoplasy index and retention index
were 0.824, 0.176, and 0.462 respectively
(Table 4). As shown in the table, a higher
consistency index (CI) value of 0.8235

index (RI) value of 0.4615 is closer to 0
thus reflecting that the tree presents the
best ~amount of  synapomorphic
characters. Furthermore, the homoplasy
index (HI) value of 0.1765 mirrors the

indicates that the configuration of the homoplasy level.
characters is supportive of the tree under
maximum parsimony while the retention
Table 4: Summary of statistics of the parsimonious tree with 119 steps
Tree length 119.00
Consistency index (CI) 0.8235
Homoplasy index (HI) 0.1765
CI excluding uninformative characters 0.6500
HI excluding uninformative characters 0.3500
Retention index (RI) 0.4615
Rescaled consistency index (RC) 0.3801
DISCUSSION molecular weight suggesting their

Herein, the RAPD markers were
used to detect the genetic discrepancy
among four parrotfishes (genus Scarus)
species. The molecular DNA-based
techniques including RAPD showed to
be valuable for studying the taxonomic
relationships, genetic diversity down to
species levels (Demeke et al., 1992) and
for species identification (Callejas and
Ochando, 1998; Lakra et al., 2007).

The RAPD-based genetic variation
among genotypes of four scarid species
showed the presence/absence of RAPD
band  (locus/marker) of matching

interspecies genetic alterations. Results
obtained here showed a high level of
polymorphism of 88.29 % (98 bands) and
a low level of monomorphism of 11.71 %
(13 bands) among the scarid species
under study. All primers produced
discrete visible number of DNA bands
since the use of short arbitrary primers in
a PCR reaction would be very useful in
deciphering polymorphic genetic
markers. These markers are in the
genome of the different taxa within the
coding or non-coding regions and would
be selectively amplified depending on the
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presence of complementary primer
binding sites (Williams et. al., 1990;
Welsh and McClelland, 1990; Hunt and
Page, 1992).

The band/marker frequency per
species were 0.4865, 0.5586, 0.5045 and
0.5315 for Scarus collana, Scarus
frenatus, Scarus sordidus and Scarus
niger respectively, among them the
highest band frequency of 0.5586 was
recorded for Scarus frenatus which
suggested  its  higher  rate  of
heterozygosity that could be a reason for
the species successful adaptations to
wide range of habitats.

Nei’s assumption express the
influence of genetic drift and mutation on
genetic disparity. A Nei’s closely related
distances between Scarus frenatus and
Scarus sordidus as well as between
Scarus collana and Scarus niger obtained
from RAPD data wusing UPMGA
positioned the four genotypes in two
sister taxa groups as sister clade with a
common node (N3) in the phylogenetic
tree (Fig. 4) that indicated more genetic
makeup resemblance and close relation
between individuals of each cluster as
well as the 4 genotypes shown to have
common ancestor. The PCoA analysis
(Fig. 5) resolved the same two major
groups of taxa demonstrating species
level similarities [Scarus collana/Scarus
niger and Scarus frenatus/Scarus
sordidus] which are placed close together
while less similar species [Scarus
frenatus/Scarus niger and Scarus
collana/Scarus sordidus] are further
apart, such species grouping could
effected by their patterns of genetic
variations take place. Similar results
observed for the tree generated by the
neighbouring joining method suggested
that Scarus collana shared a common
ancestor with Scarus niger and with both
Scarus sordidus, and Scarus frenatus,
since those located in a single clade are
supported with 72% bootstrapping (Figs.
6 and 7).

The parsimonious tree of 119

steps of the heuristic searches
(CI=0.8235, RI=0.4615 and HI=0.1765)
could reveal the evolutionary

relationships within the species studied,
where Scarus frenatus and Scarus
sordidus split from the same node as
sister group (monophyletic  group)
indicating that they are the -closest
relatives as evidenced in the parsimony
analyses (72% bootstrap support) (Fig.
9). In the meanwhile, Scarus niger was
positioned as a sister clade to them, while
Scarus collana split as an outgroup. The
splitting of scarus collana could clarify
that all other species are more closely
related to each other than they are to the
Scarus collana. Therefore, the position of
Scarus collana as a basal group
suggested an evolutionary linage that
possess unique features
(synapomorphies) deposited within the
genetic complement of fish species under
study. As reported by Choat et al.,
(2012), Scarus collana is one of two
basal lineages common in the shorelines
of northern Indian Ocean and Red Sea.
Even so, the rooting of the parsimonious
tree of 119 steps at the midpoint of the
maximum branch length resulted in a
concurrent tree similar to the UPMGA
tree (Fig. 4). Despite the branch lengths,
the tree clearly showed the two groups
(sisters clade) of the scarid species
studied here. The evolution of RAPD
bands/markers used here in the NJ and
MP analyses appears to be reliable and
may provide insights into the
evolutionary linages for the parrotfishes
species under study.

Results obtained showed similar
clade placements of studied parrotfishes to
those previously reported using different
approaches. Westneat and Alfaro, (2005)
reported that Scarus (Chlorous) sordidus
and Scarus frenatus are closely related
positioned in a clade with another species
scarus dimidiatus (not included in this
study) sharing a common ancestor giving
a sub clade to the scarines. Saad €t al.,
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(2013) utilized the ISSR technique to
reconstruct phylogenetic trees for some
parrotfishes suggesting the placement of
Scarus frenatus and scarus (chlorous)
sordidus in a sub clade, while Scarus niger
was placed as sister clade to them. The
results of this study and those of Saad et
al., (2013) reflected the close relatedness
of the species, but the current study
suggested that Scarus frenatus could
possess a high level of genetic
polymorphism  which results in its
successful adaptation. Smith et al., (2008)
in their constructed tree pointed to that the
Scarus clade 4 is composed of eight Indo-
West Pacific taxa which formed due to the
Scarus adaptive radiation process, among
them Scarus frenatus and Scarus niger
which showed a close clade position to
other divergent scarus species.

The work carried out by Streelman
et al., (2002) indicated the break between
two clades of parrotfishes of genera of
seagrass and those of coral reef based on
the DNA sequence of four loci [the
nuclear Tmo-4C4 gene, the
mitochondrial  cytochrome b, and
ribosomal 12S and 16S genes]. This was
in agreement with Schultz (1958)
dividing them to Scariane (reef) and
Sparisomatine (grass), and contradicted
with Bellwood (1994). Beside the break
process that occurred about 42 million
years ago, the accumulation process for
several kinds of mutations would be
occurred. Such mutations may later and
at certain specific time become part of
the individual’s genome that result in
accumulation  of  several  genetic
variations leading to more genetic
biodiversity and adaptation. This may
explain the opinion of Bellwood (1994)
to maintain the parrotfishes as a family-
level taxon.

In conclusion, the results of the
current study showed the sensitivity and
effectiveness of RAPD assay in fish
phylogenetic studies to the species level
and  generated  distinctive = DNA
fingerprints for the four parrotfish

Mohammed Bassyouni M.EL-Mahdi

species under study. The phenetic and
parsimony measures applied here
suggested similar clade placements of the
four scarus species studied. Based on the
phenetic analysis, the 4 parrotfishes
(genus Scarus) formed two groups as
sister taxa sharing a common ancestor.
There are genetic relatedness among the
group members (Scarus collana/Scarus
niger and Scarus frenatus/Scarus
sordidus). According to parsimony
(Cladistic) analysis, the RAPD markers
obtained here are reliable and
phylogenetically instructive. The four
species are related, however Scarus
frenatus, Scarus sordidus, and Scarus
niger have a close evolutionary
relationship. The splitting of Scarus
collana as a basal group suggested a
common ancestor that possessed unique
features (synapomorphies) existing in the
studied parrotfishes. The results of this
study possibly will support understanding
the genetic diversity and taxonomic
structures of that controversial taxon of
parrotfishes.

The future direction of this work
would be focused on further phylogenetic
analyses including the application of
additional polymorphic markers such as
specific genes (e.g cytochrome b and 16s
rDNA).

Acknowledgement

This work was funded by the South
Valley University (research support),
Qena, EGYPT. Author is thankful to Y.A
Ahamed (Laboratory of Population
Dynamics, Fisheries Division) and A.I
Alam (Maritime Museum), National
Institute of Oceanography and Fisheries,
Red Sea Branch, Hurghada, Egypt for
help in checking samples morphology.

REFERENCES
Ali, B.A., Ahmed, M.M.M. and El-
Zaeem, S.Y. (2004): Application of
RAPD markers in fish: Part II-
Among and within families;
Cichlidae (freshwater), Mugilidae
(Catadromus), Sparidae and



Genetic Variation and Phylogenetic Relationship among four Parrotfishé¥

Serranidae (marine). International
Journal of Biotechnology 6(4):393-

401

Bellwood, D.R. (2001): Scaridae.
Parrotfishes. In: Carpenter KE,
Niem V. (eds.) FAO species

identification guide for fishery
purposes. The living marine
resources of the Western Central
Pacific, volume 6, Bony fishes part
4 (Labridae to Latimeriidae),
estuarine crocodiles. FAO, Rome.
p. 3468-3492

Bellwood, D.R. (1994): A phylogenetic
study of the parrotfishes (Pisces:
Labroidei), with a revision of
genera. Records of the Australian
Museum Supplement 20: 1-86.

Bellwood, D.R., Hoey, A.S. and Choat,
J.H. (2003): Limited functional
redundancy in high diversity
systems: resilience and ecosystem
function on coral reefs. Ecology
Letters 6: 281-285.

Burkepile, D.E. and Hay, M.E. (2008):
Herbivore species richness and
feeding complementarity affect
community structure and function
on a coral reef. Proceeding
National. Academy of Science
(USA) 105: 16201-16206.

Callejas, C. and Ochando, M.D. (1998):
Identification of Spanish barbel
species using the RAPD technique.
Journal of Fish Biology 53: 208-
215.

Cheal, A.J., Aaron, MacNeil M,, Cripps,
E., Emslie, M.J., Jonker, M.,
Schaffelke, B. and Sweatman, H.
(2010): Coral-macroalgal phase
shifts or reef resilience: links with
diversity and functional roles of
herbivorous fishes on the Great
Barrier Reef. Coral Reefs 29:
1005-1015.

Choat, J.H. and Bellwood, D.R. (1998):
Wrasses and parrotfishes. In:
Paxton, JR. and Eschmeyer,
WN.(ed), Encyclopedia of Fishes,

San Diego: Academic Press: 209—

211.
Choat, J.H., klanten, O.S., Herwerden,
L.V., Robertson, D.R. and

Clements, K.D. (2012): Patterns
and processes in the evolutionary
history of parrotfishes (family
Labridae). Biological Journal of the
Linnean Society, 107: 529-557.

Demeke, T., Adams, R.P. and Chibbar,
R. (1992): Potential taxonomic use
of random amplified polymorphic
DNA (RAPD): a case study in
Brassica. Theoretical and Applied
Genetics, 84: 990-994.

Dinesh, K.R., Lim, T.M., Chua, K.L.,

Chan, W.K. and  Phang,
V.P.(1993): RAPD analysis: an
efficient method of DNA

fingerprinting in fishes. Zoological
Science 10(5): 849-854.

FAO. (1997): Review of the State of
World Aquaculture. FAO Fisheries
Circular No. 886, Revision 1.
Rome, Italy.

FAO. (2000): The State of World
Fisheries and Aquaculture 2000.
FAO, Rome, Italy.

Farris, J.S. (1989): The retention index
and the rescaled consistency index.
Cladistics 5:417-419.

Felsenstein, J. (1985): Confidence limits
on phylogenies: an approach using
the bootstrap. Evolution 39: 783-

791.
Froese, R. and Pauly, D. (2016):
FishBase. Available from

www.fishbase.org [accessed 2
Augest. 2016].

Geertjes, G.J., Postema, J., Kamping, A.,
Delden, Wv., Videler, J.J., and

Zande, Lvd. (2004): Allozymes and

RAPDs detect little genetic
population substructuring in the
Caribbean  stoplight  parrotfish

Sparisoma viride. Marine Ecology

Progress Series, 279(2), 225-235.
Gower, J.C. (1966): Some distance

properties of latent root and vector



92 Mohammed Bassyouni M.EL-Mahdi

methods wused in multivariate
analysis. Biometrika 53: 325-338.
Hammer, O., Harper, D.A.T. and Ryan,
P.D. (2001): PAST:
Paleontological statistics software
package for education and data

analysis. Palaeontologia
Electronica, 4:1-9.
Hunt, G.J. and Page, R.E. (1992):

Patterns of inheritance with RAPD
molecular markers reveal novel
types of polymorphism in the
honey bee. Theoretical and
Applied Genetics, 85: 15-20.

Jaccard, P. (1908): Nouvelles recherches
sur la distribution florale. Bulletin
de la Société vaudoise des Sciences
Naturelles, 44: 223-270

Kluge AG and Farris JS. 1969.
Quantitative phyletics and the
evolution of anurans. Systematic

Biology, 18(1): 1-32

Lakra, W.S., Goswami, M., Mohindra,

V., Lal, K.K. and Punia, P. (2007):

Molecular identification of five

Indian scianids (pisces:

perciformes, sciaenidae) using

RAPD markers. Hydrobiologia

583: 359-363.

zJ., Li, P., Argue, B.J. and

Dunham, R.A. (1999): Random

amplified  polymorphic =~ DNA

markers: usefulness for gene
mapping and analysis of genetic
variation of catfish. Aquaculture

174: 59-68.

Nei, M. (1972): Genetic
between  populations.
Naturalist 106: 283-292.

Nelson, J.S. (1994): Fishes of the World,
third ed. John Wiley & Sons, New
York .

Randall, J.E. (1982): The diver guide to
Red Sea reef fishes. Publishing
limited 20 Berkely Street, Berkeley
square London WIX SAE.

Randall, J.E. (2007): Reef and shore
fishes of the Hawaiian
Islands. Honolulu, University of
Hawaii Press.

Liu,

distance
Amer.

Rothuizen, J. and Van Wolferen, R.
(1994): Randomly amplified DNA
polymorphisms in dogs are
reproducible and display
Mendelian transmission. Animal
Genetics 25(1):13-8.

Saad, Y.M., Abu Zinadah, O.A.H. and
El-Domyati, F.M. (2013):
Monitoring of genetic diversity in
some parrotfish species based on
inter simple sequence repeat
polymorphism.  Life  Sciences
10(3):1841-1846

Saitou, M. and Nei, M. (1987): The
neighbor-joining method: A new
method for reconstructing
phylogenetic  trees. = Molecular
Biology and Evolution 4(4):406-
425.

Sayed, N.H.M. (2012): Phylogenetic
relationship among five geckos
from Egypt based on RAPD-PCR
and protein electrophoresis (SDS—
PAGE). The Journal of Basic &
Applied Zoology 65: 184-190.

Schultz, L.P. (1958): Review of the
parrotfishes, family  Scaridae.
Bulletin of the United States
National Museum 214: 1-143.

Singh, N., Lal, R.K. and Shasany, A.K.
(2009): Phenotypic and RAPD
diversity among 80 germplasm
accessions of the medicinal plant

isabgol (Plantago ovata,
Plantaginaceae). Genetics and
molecular research:

GMR 8(4):1273-84
Smith, L.L., Fessler, J.L., Alfaro, M.E.,

Streelman, J.T and  Westneat,
M.W. (2008): Phylogenetic
relationships and evolution of
regulatory gene sequences in the
parrotfishes. Molecular
phylogenetics and evolution, 49:
136-152

Sneath, P.H.A and Sokal, R.R. (1973):

Numerical Taxonomy-the
Principles and  Practice  of
Numerical Classification. WH

Freeman, San Francisco, USA.



Genetic Variation and Phylogenetic Relationship among four Parrotfishé$

Streelman, J.T., Alfaro, M., Westneat,
M.W., Bellwood, D.R. and Karl,
S.A. (2002): Evolutionary history
of the parrotfishes: biogeography,
ecomorphology, and comparative
diversity. Evolution 56: 961-971.

Swofford, D.L.  (2001):  PAUP:
Phylogenetic analysis using
parsimony,  Version  4.0al50.
Sinauer Associates, Sunderland,
Massachusetts.

Tamura, K., Stecher, G., Peterson, D.,
Filipski, A. and Kumar, S. (2013):
MEGAG6: Molecular Evolutionary
Genetics Analysis Version 6.0.
Molecular Biology and Evolution
30: 2725-2729.

Wainwright, P.C., Bellwood, D.R.,
Westneat, M,W,, Grubich, J,R. and
Hoey, A.S. (2004): A functional
morphospace for the skull of labrid
fishes: patterns of diversity in a
complex biomechanical system.
Biological Journal of the Linnean
Society, 82: 1-25

Wang, Z.S., An SQ., Liu. H., Leng. X.,
Zheng, J.W. and Liu, Y.H. (2005):
Genetic structure of the endangered
plant Neolitsea sericea (Lauraceae)
from the Zhoushan archipelago
using RAPD markers. Annals of
Botany 95(2):305-313

Welsh, J. and McClelland, M. (1990):
Fingerprinting genomes using PCR
with arbitrary primers. Nucleic
Acids Research 18(24): 7213-7218.

Westneat, M.W. and Alfaro, .M.E.
(2005): Phylogenetic relationships

and evolutionary history of the reef
fish family Labridae. Molecular
Phylogenetics and Evolution 36(2):
370-390.

Westneat, M.W. (1995): Feeding,
function, and phylogeny: Analysis
of historical biomechanics and
ecology in labrid fishes using
comparative methods. Systematic
Biology, 44(3): 361-383.

Westneat, M.W., Alfaro, M.E,,
Wainwright, P.C., Bellwood, D.R.,
Grubich, J. R., Fessler, ],
Clements, K.D. and Smith, L.
(2005): Local phylogenetic
divergence and global evolutionary
convergence of skull function in
reef fishes of the family Labridae.
Proceedings of the Royal Society
B: Biological
Sciences 272(1567):993-1000

Williams, J.G.K., Kubelik, A.R., Livak,

K.J., Rafalski, J.A. and Tingey,

S.V. (1990): DNA polymorphisms

amplified by arbitrary primers are

useful as genetic markers. Nucleic

Acids Research, 18(22): 6531-

6535.

F.C., Yang, R.C. and Boyle, T.

(1999): POPGENE version 1.32:

Microsoft Windows—based

freeware for population genetic

analysis. Centre for International

Forestry Research, University of

Alberta, Edmonton, Alberta,

Canada.

Yeh,



94 Mohammed Bassyouni M.EL-Mahdi
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